In this letter, some new complex doubly periodic solutions to the Zakharov equations are obtained by using the generalized Jacobi elliptic function expansion method with the aid of mathematica software, some of which are degenerated to the solitary wave solutions and the triangle function solutions in the limit cases when the modulus of the Jacobian elliptic functions m→1 or 0, which shows that the general method is more powerful and will be used in further works to establish more entirely new solutions for other kinds of nonlinear partial differential equations arising in mathematical physics.
More recently, some authors considered the exact and explicit solutions of the system of Zakharov equations by different methods in [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . In this paper, we consider the system of Zakharov equations by constructing four new types of Jacobian elliptic functions, and abundant new families of exact solutions are obtained.
The aim of this paper is to find the new and more general exact Jacobian elliptic functions solutions of Eq. (1) by using the new generalize Jacobi elliptic function expansion method which was first mentioned by Hong [17] . The character feature of our method is that, without much extra effort, we can get series of exact solutions using an uniform way. Another advantage of our method is that it also applies to general nonlinear differential equations.
Summary of the Generalized Jacobi Elliptic Functions Expansion Method
For a given partial differential equation in two variables x and t P (u, u t , u x , u xt , u tt , u xx , · · · ) = 0,
We seek the following formal solutions of the given system:
are constants to be determined later. ξ = ξ(x, t) are arbitrary functions with the variables x and t. The parameter n can be determined by balancing the highest order derivative terms with the nonlinear terms in Eq. (1) . And
are an arbitrary array of the four functions e = e(ξ), f = f (ξ), g = g(ξ) and h = h(ξ), the selection obey the principle which makes the calculation more simple. Here we ansatz
where p, q, r, l are arbitrary constants which ensure denominator unequal to zero, so do the following situations. The four function e, f, g, h satisfy the following relations
where " ′ " denotes d dξ , m is the modulus of the Jacobi elliptic function (0 ≤ m ≤ 1), and e, f, g, h satisfy one of the following relations at the same time.
, using the restriction:
Family 2: When q = 0, we can select F (ξ) = g(ξ) or F (ξ) = h(ξ), using the restriction:
Family 3: When r = 0, we can select F (ξ) = h(ξ) or F (ξ) = e(ξ), using the restriction:
Substituting (4) along with (5a-5d) into Eq. (1) 
separately yields four families of polynomial equations for E(ξ), F (ξ), G(ξ), H(ξ). Setting the coefficients of
F i (ξ)E ( ξ) j 1 G(ξ) j 2 H(ξ) j 3 (i = 0, 1, 2, · · · ) (j 1...3 = 0, 1; j 1 j 2 j 3 = 0) to zero yields a set of Over-determined Differential Equations (ODEs) in A 0 , A i , B i , C i , D i , (i = 1, 2, · · · ,
n) and ξ(x, t), solving the ODEs by Mathematica and
Wu elimination, we can obtain exact solutions of Eq. (1) according to (2) (3). Obviously, if we choose the special value of p, q, r, l and m in (3), then we can get the results in [18] [19] [20] [21] [22] [23] [24] , which has been discussed in [17, 25] . This method can be used to extend many other traditional methods [26, 27] .
Exact Solutions to the Zakharov Equations
We consider the following system of Zakharov equations [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] 
where u = u(x, t) is the perturbed number density of the ion (in the low-frequency response), v = v(x, t) is the slow variation amplitude of the electric field intensity, c s is the thermal transportation velocity of the electron-ion, α ̸ = 0, β ̸ = 0, δ ̸ = 0, c s are constants. Eqs. (6a) and (6b) are one of the fundamental models governing dynamics of nonlinear waves, and describe the interactions between high-and low-frequency waves. The physically most important example involves the interaction between Langmuir and ion-acoustic waves in plasma.
Since v(x, t) is a complex function, thus we introduce a gauge transformation 
integrating equation (8a) twice with respect to u and put the integration constants to zero, we obtain
Let c = 2αs and substituting (9) into (8b), we obtain
By the homogenous balance principle we have n= 1, thus we assume that the Lie′nard equation (10) have the following solutions
where
, h = h(ξ) and e, f, g, h satisfy (4) and (5a-5d). Substituting (4) and (5a-5d) along with (7c) and (11) into (10) and setting the coefficients of 
We acquire the following Jacobi elliptic function solution
We acquire the following Jacobi elliptic function solutions
We acquire the following Jacobi elliptic function solutions 23 in Ref. [16] , which contain the result of (13) (27); (18) (32); (19); (25) (39) in Ref. [15] , for example, if we let p = 1, l = r or p = r, l = 1 in u 10 , v 10 we can get the result of (25) (39) in Ref. [15] .
Remark 2:
It is notable that the other five types of solutions we obtained here to systems (6) are not shown in the previous literature. Some of them are degenerated to the corresponding solitary wave solutions and triangle function solutions in the limit cases when m → 1 or m → 0.
Conclusion
In this paper, we succeed to propose an approach for finding new exact solutions for nonlinear evolution equations by constructing the four new types of Jacobian elliptic functions 3. By using this method and computerized symbolic computation, we have found seventeen types of exact solutions for the Zakharov equations (6). More importantly, our method is much simple and powerful to find new solutions to various kinds of nonlinear evolution equations, such as KdV equation, mKdV equation, Boussinesq equation, etc. we believe that this method should play an important role for finding exact solutions in the mathematical physics.
